OBJECTIVE : Although physical function is believed to be an important predictor of outcomes in older people, it has seldom been used to adjust for prognosis or case mix in evaluating mortality rates or resource use. The goal of this study was to determine whether patients' activity of daily living (ADL) function on admission provided information useful in adjusting for prognosis and case mix after accounting for routine physiologic measures and comorbid diagnoses.
hysical function is believed to be an important predictor of hospital outcomes in older people, yet it has not been used extensively to adjust for prognosis or case mix in evaluating mortality rates or resource use. Most methods of adjusting for prognosis or case mix consider either measures of internal physiologic function, such as laboratory values and vital signs, or principal and comorbid diagnoses. However, measures of integrative functioning, such as physical, emotional, and cognitive functioning, may also be useful for prognostic and case-mix adjustment. The purpose of this study was to test the hypothesis that one example of integrative functioning, physical function, is useful as a measure of prognosis and case mix in elders hospitalized with acute medical illness. Although this hypothesis is supported by previous work demonstrating a relation between functional status and mortality, [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] measures of physical function have seldom been used to adjust for prognosis and case mix.
We tested the hypothesis in three steps using dependence in activities of daily living (ADL) as our measure of physical function. 11 For outcomes, we used two measures of mortality (hospital and 1-year), as well as two measures of resource use (hospitalization cost and nursing home use). First, we tested whether the level of ADL function stratifies patients into groups with different risks of mortality and levels of resource use. Second, we assessed whether ADL function is predictive of mortality and resource use after adjusting for indices based on standard physiologic measures and comorbidities or diagnoses. Third, we assessed whether ADL function improves the ability of these other indices to discriminate patients at risk of mortality.
METHODS

Patients
This analysis includes subjects enrolled in two related longitudinal studies of functional change in older general medical patients hospitalized at University Hospitals of Cleveland, Ohio. The inclusion and exclusion criteria for these studies have been described previously. 12 The first study enrolled patients aged 75 years or older admitted between March and July 1990. The second study, a controlled trial of an intervention to improve functional outcomes, enrolled patients aged 70 years or older admitted between November 1990 and March 1992. Patients admitted to intensive care units or subspecialty services were excluded. Of the 824 patients enrolled in the two studies, one patient was excluded from this analysis because of missing functional status information.
Data Collection
Within 48 hours of admission, each patient's primary nurse was asked whether or not the patient was able to perform six different ADLs without assistance on admission. Nurses based their assessments on their experience in caring for the patient. Interrater reliability was not assessed. The six ADLs were bathing, dressing, grooming, transferring, eating, and toileting. A patient who required personal assistance for a particular ADL was classified as dependent in that ADL. We used patient reports about ADL function for the 21 patients (3%) for whom we were unable to interview their nurse. Data collected from chart review included the components of the admission APACHE II Acute Physiology Score (APS), 13 the components of the Charlson comorbidity score, 14 and demographic information. The APS is a prognostic measure based on laboratory and vital sign abnormalities. Although it was developed for use in the intensive care units (ICU), it is often used in other settings. 15 We used the APS instead of the complete APACHE II score because the APS is a purer measure of internal physiologic abnormalities. Results using the entire APACHE II score were generally similar. The Charlson comorbidity score is a weighted prognostic index based on the number and severity of comorbid conditions.
We obtained information about discharge and 1-year mortality through follow-up interviews of patients and family members and a search of the national death index. 16 We obtained information about hospital resource use from the hospital's cost accounting records. Our hospital determines the cost of caring for each patient by using an accounting system that calculates the resourcebased cost of each service or procedure a patient receives. We determined whether the patient spent time in a nursing home during the 90 days following discharge by interviewing patients and family members.
Analytic Strategy
We divided patients into four quartiles based on their number of dependent ADLs (0, 1-3, 4-5, or 6 dependent ADLs). The bivariate and multivariate results were similar when using different cutpoints for the ADL categories. We analyzed the relation between ADL quartile and four different outcomes: hospital mortality, 1-year mortality, cost of hospitalization, and nursing home use in the 90 days following discharge. Our analyses of hospitalization costs are based on log transformations of costs because hospital costs are highly skewed. Bivariable associations between mortality, nursing home use, and ADL quartile were assessed using the 2 test, modified for linear trend. The bivariable association between hospital cost and ADL quartile was assessed using analysis of variance. We standardized the geometric mean cost of the patients dependent in no ADL to 100 units and report the relative costs of the other three function quartiles.
We used logistic regression to determine whether functional status in an independent predictor of mortality and nursing home use and linear regression to determine whether functional status is an independent predictor of hospital cost. For each regression model, the three quartiles representing the worst function were included as indicator variables, with the category of patients dependent in none of the six ADLs as the reference group. All models controlled for APS, Charlson score, and demographic characteristics (age, race, gender, and residence in a nursing home before admission). The hospital cost model also controlled for the Medicare estimate of mean hospital resource use expected for each patient using the diagnosis-related group (DRG) cost weight. 17 The DRG cost weight represents the relative payment the hospital received for each patient from Medicare, based on the patient's primary diagnosis.
Finally, we determined whether ADL function improved the discrimination of hospital and 1-year mortality models based on APS, on Charlson scores, and on both APS and Charlson scores by comparing receiver-operating characteristic (ROC) curve areas, calculated as the c statistic from logistic regression models. These models included ADL function as the number of dependent ADLs and did not include demographic variables. We compared the ROC areas of prognostic models with and without ADL function using the method of Hanley and McNeil. 18 
RESULTS
On admission to the hospital, 217 patients were dependent in none of the 6 ADLs, 223 in 1 to 3 ADLs, 188 in 4 or 5 ADLs, and 195 in all 6 ADLs. The mean age of the patients was 80.7 years, and 68% were women (Table 1) . Patients with more ADL dependencies were more likely to be older, African American, and admitted from nursing homes. They also had higher Charlson comorbidity and APS scores (Table 1) .
Mortality and resource use increased as function worsened (Table 2) . Hospital mortality increased from 0.9% in the patients dependent in no ADL on admission, to 17.4% in patients dependent in all 6 ADLs. One-year mortality increased from 17.5% to 54.9%. The rate of nursing home use increased from 2.8% to 32.9%. Hospital costs were 53% higher for patients dependent in all 6 ADLs than patients dependent in no ADL.
Within each quartile of APS and Charlson score, worsening ADL function was associated with worse outcomes. For example, 1-year mortality in patients dependent in 0, 1-3, 4-5, and 6 ADLs was 7%, 14%, 18%, and 32%, respectively, in patients with Charlson scores of 0 ( p ϭ .008); 11%, 21%, 25%, and 43% respectively, in patients with Charlson scores of 1 ( p Ͻ .001); 13%, 19%, 30%, and 51%, respectively, in patients with Charlson scores of 2 ( p Ͻ .001); and 36%, 39%, 48%, and 68%, respectively, in patients with Charlson scores of 3 or more ( p Ͻ .001).
In multivariable models controlling for APS, Charlson comorbidity scores, age, race, and gender, admission ADL function was strongly and independently associated with hospital and 1-year mortality and postdischarge nursing home use (Table 3) . ADL function was also an independent predictor of hospital cost in a model that controlled for DRG cost weight as well as the above covariates. Other covariates that were significantly associated ( p Ͻ .05) with higher hospital mortality were higher APS score (odds ratio Table  4 ). The ROC areas for APS, Charlson scores, and ADL function were .67, .68, and .77, respectively, for hospital mortality, and .58, .68, and .67 for 1-year mortality. ADL function significantly improved the ability of APS, Charlson scores, and APS and Charlson score combined to discriminate among patients according to hospital and 1-year mortality.
DISCUSSION
Our results demonstrate that the functional status of older patients on hospital admission, as measured by their ability to perform six ADLs, is an important predictor of outcomes of health care and supplements predictors based on internal physiologic measurements and diagnoses. Three major results support this conclusion. First, ADL function stratified patients into markedly different categories of risk for mortality and higher resource use. Second, ADL function remained highly predictive of mortality and resource use after adjustment for predictive indices based on standard internal physiologic measures or comorbidities and diagnoses. Third, ADL function significantly improved the discrimination of models that considered only these other indices. These findings suggest that incorporating measures of physical function into prognostic and case mix adjustment systems may significantly improve the ability of these systems to predict important health outcomes.
As described by Stein and colleagues, 19 measures of integrative functioning, such as ADL function, differ conceptually from more typical measures of prognosis and case mix in that they consider neither the illness itself, nor its impact on internal physiologic parameters, but rather the illness' impact on the patient's ability to conduct the normal activities of daily life. They reflect the impact of illness on the whole person and the ability of the individual to function in the external environment, rather than on the 18 internal milieu of an organ or body system. Measures of integrative functioning can add important information about illness severity, beyond that provided by internal physiologic measures and diagnoses, because patients with the same internal physiologic measures and diagnoses can differ widely in their ability to conduct daily life.
The importance of physical function as a predictor of mortality and resource use has important implications for users of prognostic and case-mix adjustment methods. For example, prognostic and case-mix adjustment methods are increasingly being used to compare outcomes across providers and institutions. 20 In these cases, the purpose of these methods is to level the playing field by accounting for baseline differences in risk of outcome. Our results suggest that considering physical function may allow for more accurate risk comparisons. Institutions and providers that care for frailer patients may be inappropriately penalized by systems that fail to measure this frailty. For example, our results show that the DRGbased risk adjustment system used by Health Care Financing Administration (HCFA) to reimburse hospitals will penalize hospitals taking care of more frail patients. Prognostic and case mix adjustment is also often used to compare outcomes in clinical trials. Our findings suggest that collecting information on baseline physical function will improve these comparisons.
Relationship to Previous Studies
Others have demonstrated correlations between ADL function and mortality in community-dwelling older patients, though most of these studies did not control for validated measures of illness severity. [1] [2] Several studies have measured the prognostic significance of function in hospitalized patients with specific illnesses. For example, ADL function discriminated hospital mortality in AIDS patients better than CD4 counts, diagnoses, or laboratory measures. 3 Function in specific ADLs has been demonstrated to be strongly correlated with hospital mortality after adjustment for routine laboratory measurements in patients with pneumonia and congestive heart failure, 4 and Karnofsky Performance Status score has been shown to predict outcomes in patients with cancer 5 or acute myocardial infarction. 6 The number of studies on the relation between function and outcomes in general medical patients is limited. In one example, the Nursing Severity Index, a prognostic index that included measures of functional impairment, discriminated hospital mortality as well as Medis-Groups, a prognostic system based on diagnoses and laboratory measures. 7 Other studies have demonstrated that physical function in hospitalized elders is correlated with mortality and other outcomes at and after discharge, but none of these studies adjusted for other validated measures of prognosis or case mix. [8] [9] [10] Our results extend those of previous studies by demonstrating that function is a strong predictor of both mortality and resource use in older hospitalized patients after adjustment for validated predictors of mortality and resource use. We also demonstrate that adding functional information significantly improves the discrimination of two systems that only consider internal physiologic measures and diagnoses.
Methodologic Considerations
Strengths of this study are the use of a diverse population of patients, the consideration of both early and late mortality, and the consideration of both patient and economic outcomes. However, several limitations should be recognized.
First, the relative performance of the three adjustment methodologies we used most likely would have been different in different populations. For example, in our patient population, APS did not consistently significantly improve the discrimination of models that included both Charlson comorbidity scores and ADL function. However, APS was initially designed for ICU patients, who were not included in our sample. We think it is likely that in a sample that had more variability in physiologic derangements, APS would have significantly improved the discrimination of Charlson scores and ADL function. We believe the major message of our results is not the relative performance of each methodology, but rather that considering physical function can improve existing prognostic and case mix adjustment methods. More comprehensive and disease-specific measures of integrative function may have even greater potential as adjustment methodologies.
Second, although our results suggest function should be incorporated into prognostic and case-mix adjustment indices, such an index remains to be developed and tested. Third, our study population was limited to older general medical patients. Physical function may have been a less useful adjustment method in younger patients or surgical patients. Fourth, actually incorporating measures of physical function into prognostic and case-mix methods requires further study of several methodologic issues including reliability, measurement method (for example, observer vs patient, interview vs performance based), and the potential for biased reporting or gaming of the measurements when used to compare outcomes across providers.
Conclusions
Functional status is an important predictor of hospital outcomes in older patients, with respect to both mortality and resource use. ADL function contains important information about illness severity beyond that provided by laboratory data and comorbidities. Severity adjustment methods may be improved if they include measures of physical function, in addition to measures of physiology and comorbidity. The inclusion of functional information may allow for more accurate outcomes comparisons and risk stratification.
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